Abstract
Introduction
In light of increasing concerns about climate change, global warming, the decline of fisheries of commercial importance, extreme drought or rainfall, and increased navigation with business objectives, it is clear that a bet- Figure 1 . Location of Revillagigedo Archipelago. The heavy line delimits the perimeter of the 50 species contour of reefbuilding corals, and the dashed line shows the four eastern Pacific reef coral provinces: 1) equatorial; 2) northern; 3) Clipperton; and 4) central Pacific. Adapted from [25] [26] [37]- [39] . important feeding, breeding, and transit area for cetaceans of the Mexican Pacific, in particular humpback whales [18] [19] . Sixteen species of whales and dolphins have been reported in the area [20] . Four species of sea turtle feed, nest, and grow in the region [21] . Previously, the coral reefs at Socorro were used for paleoclimate studies [22] and El Niño event analysis [23] .
Mexican Pacific waters are impacted by a number of natural events. For example, three coral species disappeared from the Revillagigedo Reef after the 1982-1983 ENSO. Recent information about the strong affinity between eastern and central Pacific coral faunas, the abundance of teleplanic larvae in oceanic currents, high genetic similarity of numerous reef-associated species, and the appearance of numerous Indo-western Pacific species in the eastern Pacific following ENSO activity suggest that a mechanism of bridging the East Pacific filter bridge (formerly the East Pacific barrier) could exists.
Despite the critical role of the Revillagigedo Archipelago in the migration of coastal marine species across the eastern Pacific Barrier and the evidence that El Niño-La Niña cause abnormal weather and affect socioeconomic activity all over Mexico, few oceanographic studies in open ocean have been conducted in the region. For this reason, in 2005 the ICML of the UNAM initiated the "Oceanographic Monitoring of Mexican Pacific Ocean Project using Telemetry" mooring an oceanographic buoy near Socorro Island in the Mexican Revillagigedo Archipelago (Figure 2) . This paper highlights the information generated during the two years that this buoy was in operation.
Buoy Characteristics and Data Reduction
The buoy consists of several sensors for monitoring oceanographic and meteorological parameters. Table 1 lists the sensors used. The oceanographic sensors are installed in a S4 Inter Ocean electromagnetic current meter, and the meteorological sensor consists of a Davis weather station. In addition to the buoy sensors, there is a coastal station on Socorro Island equipped with a pressure sensor for recording sea level, tides, and waves. The system was programmed to recognize abnormal variations of sea level (e.g., tsunamis) (Figure 3) . The buoy transmitted data hourly from July 11, 2005 to November 15, 2007 and recorded oceanographic data (current speed and direction, conductivity, temperature, salinity, density, turbidity, pH, fluorescence, sea level, waves and tides) and meteorological data(wind speed and direction, temperature, relative humidity, and pressure) in a distant region of the continental part of Mexico (18˚42'50.693"N, 110˚56'44.372"W). Additionally it had a computer remote station which allowed us to review via satellite, the buoy conditions and make adjustments. This monitoring station was in the ICML in Mexico City. Data were reduced to eliminate noise, and analyzed via FFT and Morlet wavelets transforms. It must be noted that hurricane effects were filtered from the time series, this information will be used in another publication.
Results and Discussions
The basic statistics of the recorded data ( ) but that the v negative component was more persistent, meaning that particle displacement was West-South dominant. This current pattern is consistent with data reported by Fiedler [24] , Molina-Cruz and Martínez-López [25] , Glynn et al. [26] , and Pantoja et al. [27] . [30] , and in the Ecuador-Peru-Chile Ocean region, the average value was 0.141 µg•L -1 [31] . Thus, the average Chla concentration measured in this study was comparatively high relative to other oceanic records but lower than values measured along Mexican continental coasts. Socorro Island reef productivity may be affected by this relatively high Chla value.
Sea level ranged from 0 to 2.12 m, with a linear increasing trend that resulted in a 1.4 mm difference over the two year observation period. The highest level recorded was coincident with a temperature increase. This was [32] that cross the Revillagigedo Islands. On January 6, 2006, a 7.6 magnitude earthquake in the Banda Sea generated atsunami. The buoy recorded this has a small teletsunami approximately 8 h later, as a sea level variation of 25 cm (Figure 4) .
Ocean currents generally showed similar behavior as wind. In the open ocean, surface currents are strongly correlated to wind stress forcing. In coastal regions, friction plays an important role in reducing the magnitude of the ocean currents and the relationship between the currents and the wind is not so linear. The fact that ocean currents and winds were highly correlated in Socorro Buoy shows that there is not a significant island effect, which means that the data are representative of open ocean data. Like ocean currents and winds, air temperature and ocean temperature exhibited a similar relationship. The maximum wind speed was 12.32 m•s -1 , relative humidity varied between 84.10% and 98.33%, and barometric pressure varied between 1100 and 1000.74 hPa. It must be noted that hurricane effects were filtered from the time series.
Analysis of the current time-series data (Figures 5-7 ) and the spectral density (Figure 8 ) revealeda three month periodic illation among the astronomical principal tidal lunar and solar peaks. The linear spectral analysis (Figure 8 ) and the wavelet analysis (Figure 9) showed annual, seasonal, and biweekly frequencies, frequencies associated with the main tidal components, and frequencies corresponding to inertial oscillations. The spectral components of the u and v ocean current components showed peaks at 12.42 and 24 h, corresponding to the principal lunar (M 2 ) and solar (K 1 ) tidal components, respectively. At this location, the theoretical inertial oscillation (f in Figure 8 ) indicated a period of 37.40 h, the Chla, pH, temperature, turbidity, and u component of velocity all showed well-defined peaks at this period, whereas they were not so evident in the v component. Nevertheless, three more peaks at low frequencies that contributed significantly to the spectral energy of the time series were detected. Salinity, u, and v component spectra also showed these three peaks, but in a semisquare band configuration that can be attributed to spectral aliasing. The oceanic spectral peaks occurred mainly between frequencies of 10 -1 to 10 -3 cph, representing diurnal to monthly periods. This spectral band represented more than 80% of the total variance. Figure 6 shows a close up view of a 6 month time series of Chla, turbidity, and pH in which the spring tidal effects are evident. The meteorological time-seriesspectrum (Figure 8) shows peaks at the same frequencies as the oceanographic time series.
We also applied MorletTrans form (MWT) to obtain wavelets and to analyze signals with high frequency harmonic components during very short periods and low frequency harmonics during long periods. Fourier transform is a powerful technique useful for analyzing the frequency component over whole time, but it cannot match the changes in frequency response with respect to time. In the wavelets of the oceanic and atmospheric series (Figure 9) , separation of the different frequencies is clearly visible. The Morlet wavelet established a clear distinction between the random fluctuations and the periodic patches. A shift in frequencies occurred at 200, 400, 500, and 700 -800 days in the u currents, whereas the v component followed a more stable path. Temperature, density, wave high, and sea level showed a perturbation at 100 days. Salinity, wave period, and the v current component did not exhibit clear time perturbations. Except for air temperature, the atmospheric time series exhibited lower time variations in periodicities. The u and v air velocity components had time lags at 200 and 550 days, where as temperature was noisier, with variation periods every 200 -300 days. Finally, the wavelet map revealed a gradual shift of local maxima and minima toward shorter durations. An oscillation centered at 30 -40 days is clearly visible in all of the wavelet representations, and these wave packets had periods similar to those of the Madden-Julian Oscillation [33] - [35] . This oscillation has been associated with extreme precipitation events in western North America. Yimin and Stocker [36] reported that fire, wind, and 
Conclusion
The linear spectral analysis and wavelet analysis revealed annual, seasonal, and biweekly frequencies, frequencies associated with the main tidal components, and frequencies corresponding to inertial oscillations. Statistical analysis showed a southwest dominant current and variations induced by the passing of different types of mesoscale eddy in this region, as well as the possibility of Madden-Julian Oscillations.
